Application No. 09/380,310 Docket No.: 0425-0736P 

Art Unit 1616 
Supplemental Amendment 

REMARKS 

A Request for Continued Examination, a Copending Letter, an Information Disclosure 
Statement, and a Request for three-month Suspension of Action were filed on July 26, 2007. 
Also, a Supplemental Amendment was filed on October 25, 2007. The remarks presented herein 
are supplemental to those presented in the Supplemental Amendment of October 25, 2007. 

Status of the Claims 

Claims 22, 41, 62 and 64-68 are pending in this application. No claims are being 
amended, added or canceled, Thus, a listing of the claims is not needed. 

In view of the following remarks, Applicants respectfully request that the Examiner 
withdraw all rejections (as stated in the Final Office Action of February 26, 2007) and allow the 
currently pending claims. 

Issues under 35 U.S.C* § 103(a) 

Claims 1, 2, 6-9, 13-16, 20-22, 25, 28-30, 35-37, 40-53, 55-59 and 61-63 stand rejected 
under 35 U.S.C. § 103(a) as being unpatentable over Tai (U.S. Patent No. 5,013,557; hereinafter 
referred to "Tai fi 557") in view of Kawakami et ah (J. Bioorganic & Med. Chem. Lett, VoL 4, 
pp. 1429-1446 (1996); "Kawakami") (see pages 2-3 of the Office Action dated February 26, 
2007). 

Also, claims 33-34 stand rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Tai '557 in view of Kawakami as applied above, and further in view of Morikazu et al 
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(jp 4-346937; hereinafter "JP '937") (see pages 3-4 of the Office Action of the Office Action 
February 26, 2007). 

Further, claims 1, 2, 6-9, 13-16, 20-22, 25, 28-30, 35-37, 40^53, 55-59 and 61-63 stand 
rejected under 35 U.S.C. § 103(a) as being unpatentable over Diehl (U.S. Patent No, 5,612,026; 
hereinafter "Diehl '026") in view of JP '937 (see pages 4-5 of the Office Action dated February 
26, 2007). 

Applicants respectfully submit that the previous response of October 25, 2007 is fully 
responsive to these rejections. The following comments are merely supplemental and provide 
additional reasons as to why the outstanding rejections are improper. 

The Present Invention 

The present invention, as recited in claim 22, is directed to an oral medicine preventing 
an unpleasant taste which comprises a mixture comprising a basic medicine (donepezil 
hydrochloride) having an unpleasant taste and an acidic polysaccharide. In the present invention, 
the mixture is in a homogeneous blend and said basic medicine and acidic polysaccharide are in 
intimate contact in order to form an electric interaction and to prevent the basic medicine from 
dissolving in saliva. The present invention is also directed to a method of manufacturing as 
recited in pending claim 41 . 

The Bitter Taste of Donepezil Hydrochloride 

Applicants have previously argued that the unpleasant, basic taste of donepezil 
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hydrochloride was not known at the time the present application was filed, and that one of 
ordinary skill in the art was not aware of the bitter or unpleasant taste of donepezil hydrochloride 
before the priority dates of the present application. For instance, as previously explained, 
ARICEPT was in the form of a film tablet and thus it was not known that donepezil 
hydrochloride itself had a bitter taste. Also, as further support of Applicants' position, 
Applicants previously submitted the following evidence: 

• Evidence A: excerpt from the Instruction Manual for Japanese Pharamcopeia (13 th Ed. 
1996), together with an English language translation thereof (3 pages total); 

• Evidence B: excerpt from Modern Pharmaceutics (Third Ed, 1996); 

• Evidence C: excerpt from the Technical Report of IEICE OME 2000-80, titled 
"Quantification of Taste of Medicines with a Taste Sensor" (pages 125-130, include 
English language Abstract on page 125); and 

• Evidence D: excerpt from Pharm. Tech Japan, Vol. 17(9), pp, 31-33 (2001). 

As previously stated, Evidence A shows a coated tablet as including a film-coated tablet 
and a sugar-coated tablet, wherein the coating serves multiple purposes. Evidence B shows that 
a "coated tablet" means coating of tablets, including film-coating, that is carried out for the 
purpose of masking an unpleasant taste, masking an unsightly appearance of uncoated tablets, 
increasing patient acceptability, and preventing degradation caused by moisture, air or light. 
Evidence C shows that the bitter taste of donepezil hydrochloride was first revealed by Eisai Co,, 
Ltd. And Evidence D shows the first public exposure to the name of donepezil hydrochloride, 
wherein, e.g., Figure 5 reveals that donepezil hydrochloride has a very unpleasant taste. 



4 of 8 



MSW/ETP 



Application No. 09/380,310 Docket No,: 0425-0736P 

Art Unit 1616 
Supplemental Amendment 

Thus, Applicants have provided Evidence labeled as A-D showing that one of ordinary 
skill in the art was not aware of the bitter or unpleasant taste of donepezil hydrochloride before 
the priority dates of the present application (March 28, 1 997, which is the priority date of one of 
the corresponding Japanese applications, and March 26, 1998 5 which is the filing date of the PCX 
application). Applicants provide the following additional explanation regarding Evidences A-D, 

Applicants note that they only previously submitted a partial English language translation 
of Evidence C, and no such translation of Evidence D, Specifically, for Evidence C 3 only an 
English language translation of page 125 of the Technical Report oflEICE OME 2000-80 was 
provided. Now, enclosed herein is a more complete English language of Evidence C shown as 
pages 1-11, wherein these English language pages correspond to pages 125-130 of the Japanese 
text. Also, for Evidence D s an English language translation shown as pages 12-19 is provided, 
wherein these pages correspond to the Japanese text shown at pages 31-36 of the Phar. Tech 
Japan article. Evidences A-B are being submitted herewith again. 

Evidence A and the Enclosed English Language Translation of Evidence C 

The evaluation of the taste of donepezil hydrochloride was for the first time presented at 
the conference in August 2000. This revelation regarding the bitter taste was disclosed by 
Applicants as shown in Evidence A (edited by the institute in August 2000), However, the name 
of donepezil hydrochloride was not specified at that point in time as can be seen in Evidence C, 

In the abstract of the first page of Evidence A 9 the method of quantification of taste of a 
medicine is disclosed. The name of donepezil hydrochloride is not specified even in this 
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literature. In Evidence C, the description "Model drug substance: MDHC1 (basic 
hydrochloride)" shown in Table 2 (at page 3 of the English version) as a medicament used in the 
described experiment is donepezil hydrochloride, Also, as is shown in Figs, 2, 3, 4, 7 and in 
Table 4 of Evidence C, donepezil hydrochloride is described as having an extremely bitter taste, 

English Language Translation of Evidence D 

It was for the first time disclosed by Applicants, as shown in Evidence D (which is edited 
in September 2001), that donepezil hydrochloride has an unpleasant taste, wherein the name 
"donepezil hydrochloride" is first revealed. Also, Applicants note that "donepezil" is described 
in Figures 4 mid 5 (see pages 34 and 35, respectively, of the Japanese text). It also is shown in 
these figures that donepezil hydrochloride has an extremely bitter taste (see also section 2.2.2 at 
pages 16-17 of the English language version). Finally, Applicants describe in their own 
specification that donepezil hydrochloride has an extremely bitter taste, wherein such a 
description is relying on the experimental results of Evidence D. 

Overall 

Accordingly, Applicants have established that the bitter taste of donepezil hydrochloride 
was not even known at the time of the priority dates of the present application* Without such 
knowledge, Applicants respectfully submit that one of ordinary skill in the art would not even 
know to mask the (unknown) bitter taste of this active ingredient. Applicants have provided 
Evidences A-D as objective proof of the state of the art, 
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Thus, the requisite motivation and/or reasonable expectation of success are lacking with 
respect to the all outstanding rejections as the cited references are improperly combined. 
Reconsideration and withdrawal of these rejections are respectfully requested. 

Conclusion 

In view of the above remarks, coupled with the previous remarks and claim amendments 
of October 25, 2007, Applicants believe the pending application is in condition for allowance. A 
Notice of Allowability is respectfully requested. 

Should there be any outstanding matters that need to be resolved in the present 
application, the Examiner is respectfully requested to contact Eugene T. Perez, Reg. No. 48,501, 
at the telephone number of the undersigned below, to conduct an interview in an effort to 
expedite prosecution in connection with the present application. 
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If necessary, the Commissioner is hereby authorized in this, concurrent, and future replies 
to charge payment or credit any overpayment to Deposit Account No. 02-2448 for any additional 
fees required under 37.C.F.R. §§1 .16 or 1.14; particularly, extension of time fees. 
Dated: DEC 1 9 2007 Respectfully submitted, 



• Evidence A: excerpt from the Instruction Manual for Japanese Pharamcopeia (13 Ed. 
1996), together with an English language translation thereof (3 pages total); 

• Evidence B: excerpt from Modern Pharmaceutics (Third Ed. 1996) (4 pages 
total) 

• Evidence C: Excerpt from Technical Report of IEICE OME 2000-80, 
"Quantification of Taste of Medicines with a Taste Sensor," pp. 125-130 and pp. 
1-1 1 in English language 

• Evidence D: Excerpt from Pharm Tech Japan, Voh 17(9), 2001, pp. 31-37 and 
pp. 12-19 in English language 




Marc S. Weiner 
Registration No.: 32,181 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 
P.O. Box 747 

Falls Church, Virginia 22040-0747 
(703) 205-8000 
Attorney for Applicant 
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Instruction Manual for the Japanese Pharmacopoeia, Thirteenth Edition 

General Notices 

General Rules for Preparations 

General Tests 

1996 

Published by Hirokawa Publishing Co., Tokyo 
Coated Tablets 

Tablet coating may be performed on tablets to improve ingestion by masking bitterness, 
odor and st imulation, photostability. and product values by making luster appearance, or to 
add such as enteric and long-acting functions. Compression-coated tablet and glue-coated 
tablet are also one of coated tablets but generally when it is called coated tables, it 
indicates 2 kinds: film-coated tablet and sugarcoated tablet. 

Compared to sugarcoating , film-coating is easy to operate, shorter for process time, and 
easy for automation. Also, when organic solvents are used, coating is possible without 
using water as solvent and there is a merit of not worrying about stability of drug 
substances, however, there are issues of residual solvents, explosion, and air pollution on 
the other hand. In case of water soluble film coating, wnich^specially aiming for masking 
bitterness and stimulation, and improvement of photostability, coating using water as 
solvent is becoming a mainstream in these days. Furthermore, in case of enteric and 
long-acting film coating as well, a coating method by water as solvent using a latex-type 
base has been developed and is becoming a mainstream in these days. Materials used as 
film coating are ethylcellulose and so on for water insoluble, casein, methylcellulose, 
hydroxy! ethylcellulose, hydroxypropyl methylcellulose and so on for water soluble, 
copolymer of vinyl pyridine or alkyl vinyl pyridine with acryl acid type free acid for 
gastrointestinal fluid soluble, and hydroxypropyl methylcellulose phthalate, methacrylic 
acid copolymer Land cellulose acetate phthalate for enteric soluble. 
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also been reviewed [111], and a more recently published book [126] is devoted solely to this 
subject In addition, details of Individual instrumentation techniques ve usually described in 
the papers of authors reporting data. 

There has also been significant growth in (he number of press manufacturers offering in- 
staimentation packages for 1199 with high-speed, multistation machines, to control tablet weight 
variation and, in some cases, divert out-of-tolerance tablets to a reject container. The more 
sophisticated systems result in a fully automated press operation, with essentially no operator 
intervention required (Big. 20). 

V. COATED TABLETS 

The coating of pharmaceutical tablets may be divided conveniently into the traditional sugar, 
or pan-coating procedures, and contemporary techniques that include film coating and cam- 




Fig* 20 Automated high-speed rotary tablet press. 
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Jgrgaskm coating. Coating methods were developed for a variety of i eaaoaa, includi ng the need 

jumew acccpaoiuty. protection of an ingredient from degradation effects, caused hv ^pn^T 
to moisture, air, and light, wera farther incentives. The newer f«-hn k,„» ^.a.a 
usefiunesa of coating to include the facilitation of controlled-rekasc characteristics and the 
ability to coformulate inherently incompatible materials. 

A. Sugar Coating 

The sug&r-co sting process involves building up layers of coating material on the tablet cores, 
as they are tumbled in a revolving pan, by repetitively applying a coating solution or suaperoion 
and drying off the solvent. Traditionally, the cores w«e made using tooling with deeploncave 
geoinotry to reduce the problems associated with producing a sufficient com around the uWefs 
edge, ^ illustrated m Fig. 21. However, this shape may not be ideal for all products because 
of the inherently softer crown region exhibited in tablet! manufactured from such tooling In 
wfctotion, deep concave tooling often produces tablets of poor mechanical strength rmiCore 

I ««nagtt% to particular friability, must be adequate enough to withstand-L abrasive 
effects of the tamblmg action white retaining (he dissolution characteristics of an uncoated 
tablet. Large tablets, in particular, sometimes require higher compresskmai forces than are 

*>*™°*rt tablets of the same she. Care Xt al*7b« «cerrised to n~L£ 
^^,° n ^"T^^T** ** C0re the coat should adhere well to 

SlS^S^l mpoaaat to ffiainUin a "aiform surface and to provide 

^.ZTL^^ITTT^ ^ * 6 Because of these mptmlm, the 

process may best be described by means of a generalized example 

nr ^ h ^ , ' thc v ^^yers of coating (me sealing coat) were achieved by applying one 

PV^^L^^ ST"" 1 «*mg to the variability between batches of into Sri* 

SKf?*'? ^ ° f 8heUac « otfaer l»lym«ic materials, such as cellulose acetate pfamak* 

CI- l^ yVMly ^tate phrhalate (PVAP). are now more popular. It should be appreciated 

Jot^^S T mU8t be * consistent with prolan 

adequate raotsture barrier— not a simple balance to achieve 

enJLt ? f buU< ' up " swbcoat *•* P rovlde » g««( bridge between the main 

coating and the sealed on™, « well as rounding off any sharp comers. This Is normally , two- 
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Abstract 

Quantification of taste of medicines is important for pharmaceutical 
formulation research. It's dangerous for humanis to taste a drug substance 
at an early development stage, because its safety is not investigated 
sufficiently. A taste sensor can be applied to evaluating taste o f an unknown 
drug substance and effectiveness of an additive that conceals unpleasant 
taste of a drug substance. In the present study, the taste sensor was applied 
to detecting taste of the only liquid form. The present method can be 
expected to provide a new method to measure taste of solid medicine. 

key words taste sensor, taste of medicines, estimation of taste, inhibitors of unpleasant taste, taste of 
a solid, rapid disintegration tablet ' 
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1. Introduction 

The taste of drug is generally evaluated by measuring the content of the drug 
substance in samples or by performing organoleptic examination with many human testers. 
However, the quantification of the bitter substance by chemical analysis is meaningless 
when the target preparation contains a sweetener to mask its bitter drug substance. 
Further, organoleptic examination with testers cannot be used for compounds at the early 
stage of development whose safety has not been confirmed- Another obstacle of 
organoleptic examination is the difficulty of consecutively comparing different samples of 
drugs with strong bitterness or numbness* 

The present study was designed to quantitatively evaluate drug taste using S A402, 
a taste perception device based on 8 lipid membrane sensors with different response 
characteristics. First, the pattern of the change in the response potential of the lipid 
membranes to different compounds was investigated to develop a method to predict the 
taste of unknown novel compounds. Second, it was examined whether it was possible to 
quantitatively evaluate the effect of an additive used to mask the unpleasant taste of a drug 
substance. Finally, the taste sensors designed to measure the taste of liquid samples were 
modified for solid samples. For that purpose, a device to simulate the oral process of 
perceiving drug taste during mastication and dissolution was developed and 
experimentally applied to the evaluation of the taste of a rapid disintegrating tablet. 

2. Taste prediction of compounds whose safety has not been confirmed 
2.1 Need for taste predicting technique 

Drug taste has a great influence on the easiness to take oral preparations and is 
considered as one of the factors that decide drug compliance. The influence of taste is 
particularly strong for preparations intended for children or for powder or liquid 
preparations. The taste of a drug substance is one of the important physical 
characteristics in formulation design. However, the safety of a drug substance is often 
unknown at the stage of prescription design and tasting may pose a great risk to testers. 
Therefore, we tried developing a method using taste sensor to predict the taste of 
compounds that could not be tested with organoleptic examination. 

Most of available taste sensors are designed to quantify the difference among 
tastes of the same kind. For example, earlier studies have reported the applications of 
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taste sensors to the distinction of different brands or lots of food products, such as beer^ 
and green tea 2) s or the quantification of the effect of sweeteners; added to mask bitter 
drugs 3 ' 4 ^ However, to evaluate the taste of an unknown substance, it is necessary to 
select sensors that can distinguish any taste and use a reference substance that has a 
completely different taste from the unknown substance. An example of the prediction of 
drug compound taste is presented in this section, although the selection of specific lipid 
membrane sensors is not mentioned. 

2.2 Prediction of compound taste 
2-2,1 Experimental method 

A taste perception device (SA402, Anritsu Corporation) was used to quantify 
taste. Table 1 lists three solutions used for taste measurement- The electric potential of 
the reference solution (Vr) was Erst measured and then that of each sample solution (Vs) 
measured- The change in electric potential (Vs-Vr) was considered as a taste signal. 
After the electric potential of the samples was measured, the lijiid membranes were 
washed with the reference solution and the electric potential of the reference solution 
measured again (Vr The change in the electric potential of the reference solution after 
washing (W-Vr) was considered as the value of the change of the membrane potential by 
adsorption (CPA), which was used to evaluate aftertaste 5 ^ 

Table 2 lists experimental samples- ^MDHCl is a temporary name of the model 
drug substance with unknown safety and tast e. Each taste substance or drug substance 
was dissolved in pure water to prepare a sample solution at the poncentration of 1 mM. 



Table 1: Reference and washing solutions used 



Solution 


Component 


Reference solution 


30 mM KC1 + 0.3 mM tartaric acid 


Washing solution for 1 to 4 channels (-) 


10 mM HC1 + 30% ethanol 


Washing solution for 5 to 8 channels (+) 


10 mM KOH + 100 mM KC1 + 30% ethanol 
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Table 2: Taste standards and model drug substance 



Taste substance and names of compounds 



Acid taste (basic taste) 
Salty taste (basic taste) 
Sweet taste (basic taste) 
Delicious taste (basic taste) 
Bitter taste (basic taste) 
Model drug substance 



Bitter taste standard 1 
Bitter taste standard 2 



Citric acid 

Sodium hydrochloride 
Sucrose 

L-sodium glutamate (MSG) 

Quinine sulfate 

MDHC1 (basic hydrochloride) 



Azelastine hydrochloride 
Eperisone hydrochloride 



2,2,2 Taste classification 

The response patterns of the device to the five basic tastes and MDHC1 aqueous 
solution were measured. As shown in Figure 1, MDHC1 showed a similar pattern to 
quinine sulfate used as a representative bitter substance, which result suggests that the 
MDHC1 aqueous solution is bitten 

2.2.3 Prediction of degree of bitterness 

To investigate the degree of bitterness in the next step, MDHC1 was then 
compared with taste standards which is known degree of bitterness in Table 2, The 
response potential of the bitter taste standards and MDHC1 was measured to perform 
principal component analysis. The results are shown in Figure 2. Since earlier 
organoleptic examination demonstrated that azelastine hydrochloride was bitterest in 
standard bitter substances* it is thought that the first principal component (PCI) is 
bitterness, and that bitterness becomes stronger as the value increases. It is therefore 
reasonable to predict that MDHC1 is not as bitter as azelastine hydrochloride or quinine 
sulfate, but is slightly bitter than eperisone hydrochloride. In fact, these substances are 
quite bitter and it is difficult to strictly compare their taste by organoleptic examination. 
However, since the second principal component was a sensation like numbness and 
azelastine hydrochloride caused highest numbness, it is considered that numbness 
becomes stronger as the PC2 value decreases. Thus, it could be predicted without 
organoleptic examination that MDHC1 had similar taste to eperisone hydrochloride, and 
that it was necessary to mask the unpleasant taste of MDHC1 in formulation design. 
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Figure 1: Response patterns of five basic tastes and model drug; 

Response potential (mV) 

Channel 

Citric acid 

Sodium chloride 

Sucrose 

Quinine sulfate 

2.2.4 Prediction of remaining bitterness (aftertaste) 

Figure 3 shows the CPA values of the model drug and bitter standards used as an 
indicator of remaining taste. Since the bitter standards compared in this examination 
were basic compounds and positively charged in the aqueous solutions, they adsorbed to 
Channels 1 to 4 equipped with negatively charged membranes* Among them, azelastine 
hydrochloride remained most, indicating that it causes a bitter Aftertaste. Since the CPA 
values are consistent with earlier organoleptic examination, it is considered possible to 
evaluate the aftertaste of a drug by measuring its CPA value. The results in Figure 3 
suggest that MDHC1 produces a weaker aftertaste than azelastine hydrochloride, but a 
slightly stronger aftertaste than eperisone hydrochloride or quinine sulfate. 

Figure 2: Principal component analysis of model drug and bitter taste substances 

(contribution rate: 30.9%) 

(contribution rate: 63.5%) 

Eperisone hydrochloride 

Quinine sulfate 

Azelastine hydrochloride 

Figure 3: CPA values of model drug and bitter substances 
CPA value (mV) 
Quinine sulfate 
Azelastine hydrochloride 
Eperisone hydrochloride 
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3. Evaluation of effect of bitter taste masking agents 

Masking unpleasant taste is an important technique for the formulation design of 
oral pharmaceutical preparations. Since it was predicted that MDHC1 was bitter and 
numbing to the tongue after taking the drug as described above* it was necessary to mask 
the unpleasant tastes in the development of its liquid preparation. When a bitter taste 
masking technique with acid polysaccharides invented by Ukai |et al 6 * was used to 
improve the taste of the MDHC1 solution. It was found difficult to consecutively 
evaluate the drug by organoleptic examination due to its bitter aftertaste. It was 
necessary to develop a technique to allow the relative comparison of samples. Therefore, 
it was examined whether the taste sensors, SA402, could be applied to the quantitative 
evaluation of the effect of bitter taste masking agents. 

Table 3 showed the bitter taste masking agents used an{I their characteristics. 
First, the bitter taste masking effect of the agents was evaluated by organoleptic 
examination with testers to provide the basis for comparison. Samples were prepared by 
dissolving each polysaccharide in a 0.1-wt/vol% MDHC1 solution to prepare a solution at 
0.5 wt/vol%. The samples containing the polysaccharides other than sodium chondroitin 
sulfate were heated to 80°C to dissolve them and then allowed to cool to room temperature. 
The concentration was the same as that of the target product of formulation design. The 
sample containing x-carrageenan, L-carrageenan, or agar turned; to a gel, while that 
containing X-carrageenan or LM pectin became a highly viscous sol. 

Table 3: Additives compared for bitter taste masking effect 

Additive Characteristics 
K-carrageenan Acid polysaccharide with one sulfate group, which turns into 

a gel by heating 

L-carrageenan Acid polysaccharide with two sulfate groups, which turns 

into a weak gel by heating 
?i-carrageenan Acid polysaccharide with three sulfate groups, which does 

not turn into a gel, but is viscous 
Sodium chondroitin sulfate Acid polysaccharide with sulfate group(s), which does not 

turn into a gel 
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LM pectin 



Agar 



Acid polysaccharide with a carboxyl group, which turns into 
a gel with Ca 2+ 

Neutral polysaccharide that turns into a gel by heating 



Table 4 shows the results of the organoleptic examination. The solution 
containing only MDHC1 is used as a control solution. The other solutions contain the 
active ingredient and appropriate polysaccharide. 



Table 4: Evaluation of bitter taste masking effect of polysaccharides by organoleptic 
examination 





Bitterness 


Numbness 


Active ingredient (MDHC1) only 


+++ 


+++ 


K-carrageenan 


+ 


± 


i-carrageenan 


+ 


+ 


X-carrageenan 


+ 


++ 


Sodium chondroitin sulfate 




++ 


LM-pectin 


+++ 


+++ 


Agar 


-f-+ 


+++ 



+++: Very bitter and becomes very numb, ++: Bitter and becomes numb, +: Slightly bitter 
and becomes slightly numb, ± : Causes vague taste 



Then, the samples were measured using SA402 to evaluate the bitter taste 
masking effect of the polysaccharides. Since the taste of the gel samples could not be 
evaluated as they were, the concentration of all the samples were diluted by adding 0.205 
wt/vol% of each polysaccharide to a 0.041 wt/vol% (1 mM) aqueous solution of MDHC1 
(the content of each polysaccharide was five times that of MDHC1). None of the diluted 
samples turned into a gel at the concentration. Figure 4 shows the principal component 
analysis of the taste signals obtained with S A402. 

Based on the results of the organoleptic examination,, it was considered that the 
first principal component (PCI) represented bitterness, and that the bitter taste masking 
effect was increased as PCI was reduced as compared to that of the control aqueous 
solution of MDHC1. For PC2, additives that could turn into a gel were generally located 
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on the positive side, but it remained unclear what taste was represented by it. The 
principal component analysis clearly showed that the bitter tastte masking effect was low 
for agar and pectin and high for l- and X-carrageenans, which results were almost 
consistent with those of the organoleptic examination. 

It has been revealed that carrageenans and chondroitin sulfate, which are acid 
polysaccharides with sulfate groups, trap unpleasantly tasting basic drugs through 
electrostatic interaction to prevent bitter or numbing substances from making contact with 
taste bud cells and, thereby providing masking effect. It is therefore anticipated that theiT 
effect is increased as sulfate groups and molecular weight are increased. Among acid 
polysaccharides, LM-pectin with carboxyl group failed to show evident bitter taste 
masking effect because of weak electrostatic interaction. Agar is a neutral 
polysaccharide and therefore has no the bitter taste masking effect by electrostatic 
interaction. The close relationship between the characteristics of the masking agents and 
analytical results with SA402 in Figure 4 Is obtained interesting results. 

Unlike the measurement results with S A402, the organoleptic examination 
showed a higher numbness masking effect of K-carrageenan than Ji-carrageenan. This 
was probably because the gelation of K-carrageenan prevented the adsorption of bitter and 
numbing substances to taste bud cells during the organoleptic examination, while the 
samples of K- and X-carrageenan had to be converted from gels to aqueous solutions to 
evaluate taste in the analysis using SA402. However sine gel cannot be measured to 
measure using the sensor and it was evaluated in solution state, the difference was 
occurred. This means that the current usage of SA402 covers only the chemical 
bitterness of liquid samples among various factors that constitute taste sensation. Solids 
are generally tasteless and their tastes are perceived only after they are dissolved in liquids, 
such as saliva. The taste perceived during the dissolution process is not included in the 
examination with SA402. The measures for solving this problem are discussed in the 
next chapter, 

4. Measurement of change in taste over time during dissolution process of solid 

preparations 

4.1 Measurement of taste of solid preparations masticated and dissolved in oral cavity 

The applications of taste sensors have been limited to the taste of liquids: the taste 
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of solids is measured after they are dissolved in aqueous solutions or suspensions. 
However, granules, rapid disintegrating tablets, and jellies is taken changing from tasteless 
solids to liquids that have taste when they are masticated in the oral cavity and dissolved 
in saliva. As described above, the taste of such solids cannot be fully evaluated by 
measuring the taste of their aqueous solutions alone. It is meaningless to evaluate the 
taste of coated preparations to mask bitter taste by measuring the taste of their aqueous 
solutions. To perform a valid measurement on the taste of such solid preparations, it is 
necessary to evaluate of the change in taste over time during the disintegration and 
dissolution processes. Therefore, we developed an experimental method in which 
physical force was applied to a sample in a small amount of a solvent corresponding to 
saliva to disintegrate and dissolve it, thereby evaluating the change in taste over time until 
the sample reached the taste sensors corresponding to the taste bud cells of the tongue, 

4.2 Experimental method 

A test preparation for the experiment was a tablet that contained 10 mg of 
MDHC1 and rapidly disintegrated only with saliva (rapid disintegrating tablet). Figure 5 
shows an experimental system that simulated the dissolution of tablets in the oral cavity. 
100 ml of a phosphate buffer solution at pH 6.8 (0,25 mM KH 2 P0 4 + 0.25 mM Na 2 HP0 4 ) 
was used as a releasing solvent and kept at 37°C. A 100-wire mesh was positioned at the 
bottom of the cell just below the fluid level of the solvent so that the solvent would 
slightly appear above the wire mesh. Two rapid disintegrating tablets were put into the 
cell at the measuring and dissolved by stirring the solvent with blades rotating at 25 rpm. 
This system rapidly dispersed the eluted substance in the solvent. Five raL of the solvent 
was collected every 10 seconds and at the same time, volume of 5 mLof the new solvent 
added to the cell from top of the cell. Each sample collected was passed through a 
200-mesh filter into a 100-mL measuring flask. Purified water was added to each flask 
to make 100 mL at the end of the experiment. The solutions pbtained were measured 
with SA402. 

Figure 5: Oral dissolution test equipment 
Motor 

Solvent added 
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Sampling 
Tablet 

Fluid level of solvent 
Solvent phase 
Thermostatic bath 
Stirrer 

A calibration curve of the concentration of the taste substance at each dilution 
with the solvent against the response potential of each membrane in the examination was 
prepared to correct the concentration. Assuming that 20 mg of MDHC1 was completely 
dissolved in 100 mL of the solvent, the concentration of the test solutions as prepared by 
diluting the samples at a ratio of 5 to 100 ranged from 0 to 0.001 wt/vol%* Figure 6 
shows the response potential of each membrane in the concentration range. Since the 
figure shows that the membrane of Channel 3 most sensitively responded to the MDHC1 
concentration, the concentration was corrected with the calibration curve of Channel 3* 

Figure 6. Relationship between response potential and MDHC1 concentration 
Response potential 
MDHC1 concentration 

MDHC1 concentration at t seconds after putting tablets: C[t] 
Change in electric potential of Channel 3 at t seconds: V3[t] 
Calibration curve of MDHC1 concentration: C[t] = f(V3[t]) 
Concentration at t seconds after correcting 
Calculation for correcting concentration 

The change in the electric potential of each channel as calculated with the 
corrected concentration was used to evaluate taste. 
Change in electric potential of Ch. n: Vn [t] 
Calibration curve of Vn [t]: Vn [t] = fa" 1 (C[t]) 

43 Experimental results 
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The change in the taste signal over time was measured as described above. 
Figure 7 shows the principal component analysis of the results. It shows that PCI 
representing bitterness increased over time. 

Figure 7: Relationship between first principal component representing degree of bitterness 
and dissolution time of MDHC1 rapid disintegrating tablet 
Bitterness, PCI (contribution rate; 90,9%) 
Dissolution time (sec) 

It markedly increased between 10 to 20 seconds. In fact, when the rapid 
disintegrating tablet was orally taken, it completely disintegrated in 10 seconds in oral and 
was mixed with saliva to produce bitter taste* These results suggest that this test method 
may evaluate the change in bitter taste while a solid formulation is dissolved in oral cavity. 

Next, it was examined whether there was a difference in the bitter taste masking 
effect between k- and i-carrageenans in a rapid disintegrating tablet. Further, the 
releasing solvent collected at 30 seconds from the dissolution simulator was compared 
with a solution in which the rapid disintegrating tablet was ultrasonically dissolved. 
Figure 8 shows the principal component analysis including the case where only mannitol 
was combined as a sweetener. The contribution rate of PCI was predominant at 99.5%: 
the taste became bitterer as the value increased and became less bitter (sweeter) as it 
decreased. That is, the figure indicates that carrageenans more greatly inhibited the 
bitterness of MDHC1 than mannitol. It also suggests that i-carrageenan provided higher 
bitter-taste masking effect than K>carrageenan 5 as observed in Figure 4, Further, the 
comparison of the solvent collected at 30 seconds with the ultrasonically treated solution 
showed that the former solution was less bitter, which result supports that the present test 
method accurately represented the change in the taste perceived in the oral cavity. 

Figure 8: Effect of K™, i-carrageenan and mannitol on bitterness of the rapid disintegrating 
tablet 

Buffer solution at pH6.8 
MDHC1 aqueous solution 
Mannitol aqueous solution 
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MDHC1 + mannitol aqueous solution 
Prescription containing k at 30 seconds 
Solution of prescription containing k 
Preparation containing l at 30 seconds 
Solution of prescription containing i 

5. Conclusions 

The findings obtained from the present study are summarized below. 

(1) It is suggested that the taste of compounds at the early stage of development of drugs 
whose safety has not been confirmed can be predicted using the taste sensors, SA402. 

(2) The effects of acid polysaccharides to mask the bitterness of basic drugs were 
quantitatively evaluated using the taste sensors. The result showed that the quantitative 
evaluation using the taste sensors provided useful information fpr formulation design. 

(3) Conventional evaluation using taste sensors was limited to liquid preparations or 
solutions of solid formulations. A system to evaluate the change in the taste of a solid 
formulation disintegrated and dissolved in a small volume of a liquid corresponding to 
saliva using the taste sensors was developed to simulate the process of gradually 
perceiving the taste of solid or semi-solid formulations through mastication and 
dissolution in saliva. When the temporal change in the taste of a tablet that rapidly 
disintegrated without water was measured with the system, the system showed the change 
in taste consistent with that in the oral cavity. 
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QUANTIFICATION OF TASTE OF MEDICINES WITH TASTE SENSOR 



1. Introduction 

Why is it necessary to measure the taste of medicines with taste sensors? 
Organoleptic examination of drug taste with human testers has ihe following problems. 

1) It is dangerous to taste drug substances at the early development stage whose 
safety has not been confirmed. 

2) It is impossible for human testers to consecutively evaluate drugs with strong 
bitter or pungent taste or aftertaste, 

3) It is difficult to objectively express and record taste. 

4) Organoleptic examination requires many testers and depends on their 
experience and physical condition* 

Among them, the above 1) and 2) are common to the ehtire pharmaceutical 
industry. To solve the problems, the potential needs for taste sensors may be high. One 
of the important applications of taste sensors is the creation of a placebo for comparative 
clinical trials. When a test drug has a specific taste, it is necessary to give the same taste 
to the placebo- It is expected that taste sensors will be useful for the scientific and 
quantitative prescription design and quality control of the placebo. 

Is it possible to evaluate taste by conventional chemical analysis? The answer is 
"No." First, chemical analysis cannot predict the taste of an unknown compound. 
Basically, chemical analytical techniques, such as HPLC, can only measure the 
concentration of taste components in a liquid. Let*s assume a case where it is necessary 
to determine the content of aspartame, a sweetener, to be added; to a health drink 
containing quinine, a representative bitter substance. It is clearly meaningless to measure 
the concentration of the active ingredient by chemical analysis because it is constant, 
regardless of the content of the sweetener. Since taste is based on the interaction among 
components, taste cannot be evaluated by measuring the concentration of individual 
substances. Taste sensors have a potential to solve this problem by quantifying the 
addition of a sweetener to a bitter substance as the reduction of [bitterness^. 

Taste sensors were put into practical use in the early 1^90's and have been mainly 
used in the food industry. They can now identify the difference between beer brands or 
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control inter-plant or inter-lot variability, which cannot be done! manually. However, the 
applications of taste sensors in the pharmaceutical industry have remained been limited for 
the last decade: they are used only for confirming the reduced bitterness of quinine by 
adding a sweetener. When the authors started to examine the potential applications of 
taste sensors in pharmaceutical development three years ago, sensor manufacturers were 
skeptical, saying, "It is nearly impossible to quantify drug taste!" This is because various 
compounds have to be considered in quantifying drug taste, unlike food products 
containing limited taste components, such as beer and coffee. With the focus on bitter 
drugs, the authors tried measuring the degree of bitterness and effect to mask bitter taste 
and successfully quantified them 3 \ Subsequently, Uchida et al. extensively measured the 
taste of commercially available preparations 3 5 *, proposing some problems to be solved. 
The authors have also improved the processing method of the taste signal to increase taste 
information. 

In the present article, the potential application and usefulness of taste sensors in 
pharmaceutical development are discussed to identify the current level of the taste 
quantifying technique* 

2. Evaluation and prediction of taste of drug substance 

Taste sensors have been generally used to quantify the difference in the taste of 
the same kind. For example, the use of taste sensors has been |reported for the evaluation 
of food products, such as beer 6,7 *, sake 8 *, green tea 9 *, miso 10 *, and milk 11 *, or for the 
quantification of the effect of a sweetener added to a bitter drug substance 12 *. They have 
also been applied to the evaluation of the change in taste or flavor over time 13 *. However, 
they have not been used to compare different kinds of taste or evaluate the taste of 
unknown compounds. Therefore, the development of a technique to predict taste was 
attempted by selecting taste sensors that responded to as many types of taste as possible 
and specifying a standard taste. 

2.1 Experimental method 

A taste perceiving device, SA402 (Anritsu Corporation) was used to predict taste. 
Figure 1 shows the sensors of SA402, 

Figure 2 shows the measurement procedure of the experiment. The electric 
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potential of the reference solution before measuring a sample isj expressed as Vr, the 
measured value of the sample as Vs, and the electric potential of the reference solution 
after measuring the sample as Vr\ The reference solution corresponded to human saliva. 
The change in the electric potential from Vr is considered as a taste signal, which is 
hereinafter called a relative value (Vs-Vr). Table 1 lists the reference and detergent 
solutions used for measurement. The reference solution was experimentally prepared to 
have almost no taste and produce a stable output from the taste sensors. 

The change in the electric potential of the reference solution before and after 
measuring a sample (Vr'-Vr) results from the changes in the charge density and structure 
of the lipid membranes by the adsorption of taste components to the membranes. The 
change corresponds to aftertaste (Vr'-Vr) ? which is hereinafter called the change of 
membrane potential caused by adsorption (CPA). The relative and CPA values were used 
to analyze taste. 

Figure 1: Sensors of taste perceiving device, SA402 
Lipid membrane 

Figure 2: Measurement procedure 

Table 1: Reference and detergent solutions used for SA402 

Table 2 shows the composition of the lipid membranes; used as sensors. Among 
lipid membrane sensors considered including ten other membranes, those listed in Table 2 
were selected because of independent responses to various tastds of drugs and long service 
life. 

Donepezil hydrochloride was assumed as a model drug with unknown taste under 
development Table 3 lists five basic tastes including salty, sour, sweet, umami, and 
bitter (cation and anion) tastes and a taste component used as the standard of astringency. 
Table 4 lists standard bitter drugs. These basic taste substances and model drug were 
measured with the taste sensors and the results compared to predict the taste of the model 
drug. 
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Table 2: Lipid membranes of SA402 used for measuring drag taste 

Table 3: Basic tastes and concentrations of components in taste jprediction 

Table 4: Organoleptic test results of standards of bitterness and taumbness 
+++++: Bitter (stimulant) enough to paralyze the tongue 
++++: Markedly bitter (stimulant) 

+++: Very bitter (stimulant) i 

++: Bitter (numbing) 

-K Slightly bitter (slightly numbing) 

± : Causes some feeling 

2.2 Results and discussion 

2,2,1 Comparison with basic tastes 

Figure 3 shows the response patterns of the taste sensojrs to the basic tastes. 
Since the eight lipid-membrane sensors showed specific responses to the tastes, the 
sensors could distinguish the tastes. Note that the sensors showed completely different 
responses to quinine hydrochloride and picric acid, both of which provide bitter taste. 
This is because the former present as a cation in aqueous solution caused poor responses 
of positively charged Sensors 5 to 8, while the latter present as an anion caused poor 
responses of negatively charged Sensors 1 to 4, Care should t|e taken to the fact that the 
device may perceive the tastes of the same tendency as completely different tastes when 
they have electrically opposite properties. It is therefore considered necessary to use 
both positively and negatively charged reference substances when the electric properties 
of the target substance which predicts the taste is unknown* 

Figure 3; Response patterns of lipid membranes to basic tastes , 

(Note: The measured values are not continuous, but connected with broken lines for better 
visualization.) 

The aqueous solution of donepezil hydrochloride used |as the model drug was 
then measured with the taste sensors. The results of the solution as well as the basic 
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tastes were combined for the principal component analysis using the relative and CPA 
values* Figure 4 shows the analytical results. The principal Component analysis is 
defined as "a statistical method to extract components containing as much state 
information as possible, or components whose state can be easily explained, from 
multivariate data in the order of contribution rate". The results showed that the sensors 
made almost the same responses to donepezil hydrochloride anil quinine hydrochloride, 
which suggests that the predominant taste of donepezil hydrochloride is bitterness. 

Figure 4: Results of principal component analysis of basic tastes and donepezil 
hydrochloride 

(PCI: First principal component, PC2: Second principal component) 

2.2.2 Evaluation of degree of bitterness 

To evaluate the degree of bitterness, the taste of donepezil hydrochloride and 
standards with known degrees of bitterness in Table 4 was measured with the taste sensor 
and the results evaluated by the principal component analysis. Figure 5 shows the 
analytical result. Since earlier organoleptic examination showed that azelastine 
hydrochloride was bitterest and tielopidine hydrochloride had least bitterness among the 
bitter standards, it is reasonable to think that the first principal component (PCI) is 
bitterness* These bitter standards causes a common characteristic feeling of numbness, 
although, strictly speaking, it is not taste. Since azelastine hydrochloride caused severest 
numbness, followed by tielopidine hydrochloride, it is considered that the second principal 
component (PC2) is numbness. Therefore, it is reasonably predicted that donepezil 
hydrochloride is not bitterer than azelastine hydrochloride or quinine hydrochloride, but 
bitterer than tielopidine hydrochloride. And that donepezil hydrochloride is not more 
numbing than azelastine hydrochloride or tielopidine hydrochloride, but slightly more 
numbing than quinine hydrochloride. Although it is difficult to strictly compare the taste 
of these very bitter standards with organoleptic examination, as described above, 
donepezil hydrochloride was evaluated as slightly bitter (+) or slightly numbing (+) in 
organoleptic examination, which results were comparable to those of eperisone 

hydrochloride. [ 

i 

Therefore, the results obtained suggest the potential ofjthe taste sensors to predict 
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taste without depending on organoleptic examination. 

Figure 5: Results of principal component analysis of bitterness and numbness standards 
and donepezil hydrochloride (PCI: First principal component, PC2: Second principal 
component, numbness, CR: contribution rate) 

3, Taste measurement of health drinks 

Organoleptic examination of health drinks with taste biased on multiple active 
ingredients was performed. Among the health drinks from Makers A to E, those from 
Makers A and B axe intended to supply iron, while those from Makers C, D, and E are 
intended to supply vitamin C. The taste of the health drinks was organoleptically 
evaluated by instructing testers to choose the expression that most correctly expressed the 
taste they felt from 16 expressions. Table 5 shows the two expressions most frequently 
selected by the testers. 

3.1 Evaluation using lipid membrane sensors 

The taste of the health drinks was then measured using the lipid membrane taste 
sensors (SA402) and the results evaluated by the principal component analysis. Figure 6 
shows the analytical results. The meaning of principal components was examined with 
reference to the expressions in Table 5. The first principal component on the horizontal 
axis has a contribution rate of 65.6%. The taste became quirky and promising as the 
value increased, became stronger with aftertaste as the value decreased, and was evaluated 
as clear and easy to drink in the intermediate region. Gathering from the composition on 
the label, the effect of iron taste seemed strong. The second principal component on the 
vertical axis has a contribution rate of 28.2% and is considered to indicate that the taste 
became "sour" as the value increased and became "sweet" as it jdecreased. The figure 
indicates that the three health drinks from Maker A are designed to have a similar taste, in 
spite of the different types and quantities of components. It is worth attention that the 
health drink from Maker C containing four active ingredients and that from Maker D 
containing nine active ingredients had similar taste. 

Thus, the present method using the taste sensors can irieasure the taste of even 
systems containing multiple drugs in a similar manner to the hitman taste sensation and 
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create a detailed taste map. 



Table 5: Results of organoleptic examination results of commercially available health 
drinks 




A-l Taste as expected for the heath drink Tasteful 

A-2 Tasteful Taste as expected for the health 

drink 

A-3 Taste as expected for the health drink Tasteful 

B- 1 Quirky Promising 

B-2 Easy to drink Clear 

C Sweet An attertaste remained. 

D Sweet Strong 

E Sour Clear 



Figure 6: Results of principal component analysis results of tasie of health drinks using 
SA402 

Figure 7: Appearance of oASTREE and sensor array 
Software 

Electric control unit 
Sensor array 
Autosampler 

3.2 Evaluation with ion-sensitive FET sensor 

An ion-sensitive field effect transistor (FET) sensor, olASTREE (ALPHA MOS) ? 
was released this year 28 *. Figure 7 shows the outline of the system. The sensor array 
has an ion-sensitive membrane at the gate of the field effect transistor. Figure 8 shows 
the principal component analysis of the above health drinks using the measured values of 
the oASTREE system. The contribution rates of the first and second principal 
components are 53.3% and 43 J%, respectively. The figure shows that the tastes of the 
health drinks from Makers C and D, which were considered to ]|iave almost the same taste 
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in the analysis using SA402, could be clearly distinguished. Although organoleptic 
examination failed to show any clear taste tendency for the two drinks, aASTREE could 
distinguish the slight difference in taste by different components. However, it should be 
noted that it was difficult to relate the axes of the principal component analysis to the 
results of organoleptic examination. 

It seems that SA402 is being tuned to come close to hulman taste sensation by 
increasing the specificity of sensors to various tastes 26,27 ^ while] aASTREE focuses on 
taste distinction. It is hoped that the two systems will be further developed. 

4. Conclusions 

(1) The taste of various drugs could be quantitatively evaluated with the lipid 
membrane taste sensors. 

(2) Taste could be predicted with the taste sensors evea for compounds at the 
early stage of development whose safety had not been confirmetL 

(3) The taste sensors could evaluate taste in a similar manner to human taste 
sensation and create a taste map even for health drinks containirig multiple active 
ingredients. 

(4) Lipid membrane sensor SA402 is being tuned to coine close to human taste 
sensation, while the ion-sensitive FET sensor, aASTREE, focuses on taste distinction. 

Figure 8: Results of principal component analysis results of taste of health drinks using 
aASTREE 
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